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SOVIi:;T  STUDIES  OF  SPACE  EMBRYOLOQT 
(SPACE  E^lBRTOLOOT) 


^Follotd.ng  is  ths  translation  of  an  article  by  Doc¬ 
tor  of  Biological  Sciences  A.  Neyfakh  in  ths  Russian- 
lanpuoge  publicatlcn  Kauka  i  Zhian*  (Science  and  Life), 

No  1,  January,  1963*  Moscow,  pages  63-67^ 

One  of  the  probleas  of  space  biology  is  the  problem  of  the 
developaent  of  an  organism  during  space  flight;  The  purpose  ? 
of  studying  this  problem  is  not  single  but  double,  two  aspects  as 
it  were  opposed  to  each  other,  but  in  reality  supplementing  each 
other.  The  first  is  the  investigation  of  the  conditions  of  space 
flight  by  means  of  a  developing  embryo,  and  the  second  investi¬ 
gation  of  the  mechanism  of  embryonic  development  by  means  of  space 
flight  conditions. 

In  the  flight  into  space  man  anticipates  a  whole  complex  of 
environmental  conditions  new  and  never  encountered  on  earth:  over¬ 
loading  and' vibrations  during  liftoff  and  return  to  earth,  weight¬ 
lessness,  and  radiati  m  during  the  fli^t  period.  We  are  able  to 
model  many  of  these  on  earth,  many  can  be  measured  during  the  time 
of  the  flight  by  means  of  Instruments,  however,  to  know  vdiat  effect 
all  these  conditions  have  on  the  organism  in  totality  is  possible 
to  us  only  through  biological  experiments.  It  is  not  mere  chsnoe 
that  each  step  of  man  into  th#  cosmos  was  prefaced  with  a  study  of 
animals  and  plants.  Neither  is  the  very  selection  of  these  organ¬ 
isms  which  in  this  case  serve  as  unique  living  dosimeters  left  to 
sere  chance.  Their  appropriate  selection  affords  a  precise  evalu¬ 
ation  of  the  role  of  a  given  factor  or  of  the  totality  of  factors. 
Animal  embryos  can  servo  as  especially  sensitive  dosimeters.  This 
is  due  to  the  fact  that  the  damage  irfileh  the  embryo  tmdergoes, 
since  it  consists  of  the  early  stages  of  development  from  a  few 
cells,  is  subsequently  passed  on  to  many  cells  of  the  growing 
organism  and  thus  the  injury  is  intensified  many- fold.  Radia- 
tional  damage,  for  example,  to  the  ohromosomes  in  the  egg  nucleus 
during  the  course  of  its  further  division  is  passed  on  to  all  the 
cells  of  the  embryo  and  leads  to  the  formation  of  a  malformed  or 
nonviable  organism.  Thus,  radiation  damage  in  the  organism  of 
an  adult  mouse  can  be  discovered  only  after  the  action  of  doses 
of  100-200  roentgens.  In  order  to  bring  about  the  certain  death 
of  the  animal  not  less  than  700  roentgens  are  neoessary.  At  the 


■am*  tlB«,  upon  Irradiating  a  mouaa  ambryo  noticaabla  daaMLga  is 
viaibls  sven  at  dosss  of  25*^  rosntgsns  and  dsath  of  ths  embryo 
00 ours  at  doses  of  100-200  roentgens.  Upon  irradiation  of  the  egg 
the  action  of  such  small  dosee  as  5~10  roetgens  can  be  detected. 
Consequently,  davelopihg  embryos  can  be  used  in  space  flight  as  a 
particularly  sensitire  biological  dosimeter  of  radiation  danger. 

There  is  still  another  task  whose  solution  compels  us  to  know 
how  develoinent  occurs  under  space  flight  conditions.  We  refer  here 
to  tne  creation  of  a  closed  biological  cycle.  It  is  well  known  that 
to  provide  eoemonauts  with  oxygen  and  food  over  a  long  flight  it  is 
necessary  to  set  up  a  system  in  whloh  by  means  of  solar  energy  decay 
products  would  be  reformed  into  oxygen  an4  usable  food  substanee. 

One  of  the  lixiks  of  aueb  A  icyole  must  neelissarily  be  plants,  whlek 
assimilate  solar  energy  att4  use  carbon  dioxide  for  biological  syn¬ 
thesis,  releasing  oxygen  in  exchange.  However,  plant  proteins  cannot 
always  be  directly  assimilated  by  man.  As,  a  link  standing  between 
plants  and  mah,  we  can  certainly  turn  td  some  rapidly  developing  and 
multiplying  animala. 

Let  us  now  look  at  the  second  purpose  —  the  use  of  space 
flight  to  study  the  mechanisms  of  developmeat,  to  solve  embryolog- 
ical  and  general -biological  problems.  Overloading,  vibration,  and 
radiation  can  be  relatively  easily  reproduced  on  earth,  and  the 
study  of  their  effect  on  the  embryo  in  an  artificial  satellite  is 
of  no  great  distinction.  The  truth  is  that  on  earth  we  have  not 
yet  been  able  to  produce  such  high  energies  as  are  seen  in  primary 
cosmic  rays.  The  study  of  the  oharaeterietics  of  their  aotion  on 
the  organism.  Including  the  embryonic  organism,  is  of  definite 
Interest  for  the  radloblologlsts.  There  is  still  another  Xaetor 
of  the  space  flights  which  cannot  be  reproduced  and  used  in  prac¬ 
tice  on  earth  —  this  is  weightlessness.  It  is  precisely  its 
effect  on  the  course  of  embryonic  development  that  is  of  special 
interest. 

The  successful  flights  of  our  cosmonauts  have  sho%m  that 
man  can  survive  a  period  of  residence  in  the  cosmos  without  damage, 
including  also  the  condition  of  weightlessness.  But  are  we  certain 
that  the  embryo  oan  easily  survive  weightlessness  and  that  the 
earth's  gravity  is  not  a  necessary  condition  for  development?  This 
is  not  at  all  as  clear.  How,  for  example,  will  the  chicken  egg 
develop  under  conditions  of  weightlessness?  It  would  appear,  nor¬ 
mally.  The  embryo  is  enclosed  in  its  shell,  and  it  is  more  rapidly 
damaged  by  overloading  than  by  weightlessnees.  However,  although 
an  experiment  has  thus  far  not  been  made,  it  oan  be  anticipated. 

We  refer  here  to  the  fact  that  in  the  early  stages  of  development 
the  chicken  eitbryo  lies  very  snugly  against  the  inner  wall  of  its 
shell!  it  is  found  above  the  yolk,  and  the  yolk  itself  being  lighter 
than  the  white  of  the  egg  lies  agednst  the  upper  inner  surface  of 
the  egg.  This  promotes  a  rapid  diffusion  of  the  gases  —  oxygen 
and  carbon  dioxide  —  to  and  from  the  embryo.  Under  conditions  of 
weightlessness  the  yolk  oan  be  in  any  position  and  the  embryo  itself 
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oan  lit  on  any  aid*  of  tha  yoUc*  Aoeoaa  to  oxygon  will  bo  eloajrly 
aado  dlffiottltt  and  thia  oan  proTO  fatgl  to  tbf  oaAryo*  (At  Intor 
atagoa  of  dooolopaont  tho  roaplnation  of  bird  aabryoa  ia  aoooapliahod 
by  sfana  of  Toaoola  lining  tho  ogg  on  tho  inaido*)  'Wo  proaontad  thia 
oxaaplo  only  for  an  illuatration*  If  tho  ahiokon  aabryo  aotually  ■ 
"auffoeatoa"  ia  tho  eoaditioa  of  woightloaanaaa  than  tha  Mohaaiaa 
of  thin  diaturbaaoa  ia  eloar  and  ia  not  of  groat  aeiantifio  iatoroat. 

Moro  oo^plox  ia  tho  problo*  of  tho  aaorgonaa  of  bilatoral 
(two-aldod)  ayaaotry  ia  dorolopaoati  and  tho  rolo  of  tho  oarth'a 
gravity  ia  thia  prooaaa*  Thia  anat.  bo  diaonaadd  in  aoro  dotail. 

And  this  oompola  uo  to  dapart  froa  '*opaoo  biology"  for  .f  ahilo  and 
oxaaino  a  puroly  oarthly  odbryalogieal  probloa*  .. 

Most  of  tho  aaiaala  on  aarth  ara  bilatarall^  iqniaibtrioalt 
thoir  body  oan  ba  divldad  by  a  plana  into  laft  and  ri^t  ^alvaot 
thoir  dorsal  and  abdoainal  aidaa  oan  ba  diffarantiatady  a#  wall  aa 
tho  hood  and  eaudal  onda  of  tho  body*  Only  a  fow  of  tho  aost  aiaply 
orgaxiisod  and  usually  slow-aoving  aniaala  havo  a  radial  ayaaotry  in 
plaeo  of  a  bilatoralt  wo  can  dioting(U.ah  ia  thoao  aniaala  only  a 
sinslo  axis  of  tho  bodyt  along  whiph  tha  .aaao  organa  aro  radially 
aituatod.  Thoao  aniaala  havo  only  a  doroal  (or  uppar)  and  abdofi- 
nal  (or  lowor)  oidoi  but  no  hoaid  or  oandal  onda*  lypioal  roproson- 
tativoo  of  radially  ayaaotrical  aniaala  arot  for  oxxul^o,  tho  aadiua 
or  tho  hydra. 

Whon  and  how  dooo  tho  piano  of  bilatoral  ayaaotry  and  its  two 
oonatituont  axis  froa  top  to  bottoa  aad  fboa  forward  tc  tho  roar 

— •  oaorgo  in  aniaala?  Tho  ogg  aa  a  rula  ia  radially  syaaotrioalt  it 
has  only  a  ainglo  axia*  uaually  loading  froa  tho  fnturo  hoad  aad  to 
tho  futuro  caudal.  Lot  ua  tako  aa  an  oxaaplo  tho  frog  ogg*  Although 
in  fora  it  is  an  alnost  truo  aphoro,  wo  oan  oaaily  distinguish  ita 
uppor  and  lowor  onda.  Tho  uppor  half  of  tho  ogg  oontaina  a  blank 
pigaont,  and  tho  lowor  ond,  aa  alaoat  iHilta  pigaont.  Upon  aoro 
dotailod  atttdy  wo  can  oaaily  soo  that  tho  bulk  of  tho  yolk  ia  eon- 
tainod  at  tho  lowor •  tho  ao-callod  vogotativof  polo.  At  tho  iqipor* 
tho  Bo-oallod  aniaaliOf  polo  thoro  ia  oonaidorably  loss  of  yolk  and 
aoro  of  oytoplasB.  Tho  nuoloua  of  tho  ogg  ia  also  found  at  tho 
aniaalic  polo.  Piatinetioaa  botwoon  tho  aniaalic  and  tho  vogbta- 
tivo  polos  aro  atill  aoro  sharply  proaounoad  ia  tho  oggs  offishoot 
birds,  and  roptiloai  horo,  tho  onbryo  is  found  only  at  tho  aniaalic 
polo,  and  all  tho  ronaining  aasa  of  tho  ogg  ia  takon  up  with  rosorvos 
of  food  aubatanooa  —  tho  yolk. 

Tho  sooond  axis  aooosaary  to  produoo  a  piano  of  bilatoral 
oynmotry  arisos  pdly  af tor  fortillaation .  Lot  ua  soo  how  thia  takos 
plaoo  in  tho  frog  ogg.  An  ogg  that  has  Just  boon  laid  and  fortillaod 
ia  bound  tightly  by  aoabranoa  and  at  firat  is  oriontod  randoaly.  Ita 
aniaalic  pole  oan  bo  turned  to  either  side,  facing  upwards  or  down¬ 
wards.  (It  la  roasonablo  that  tho  ogg  position  in  tdiioh  it  ia  turned 
aniaalic  polo  prooiaoly  upwards  la  posaiblo  but  not  very  probable.) 
Soon  after  fortillsation  tho  aoabrano  aoaowhat  slips  off  tho  ogg, 
freeing  it  and  allowing  it  to  bo  turned  about.  Aad  ia  reality  tho 
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•gg  th«a  tttvaa  with  its  haavj  Cth*  ▼•gatatlT*)  phl«  downward ,  aad 
tha  light  (aaHudio)  upwards.  Siaoa  now  tho  egg  does  not  turn* 
it  makes  no  differenee  how  its  orientation  detemined  by  the  earth's 
gravity  is  maintained.  However ,  it  is  still  radially  symaetrioalt 
vdiere  ths  dorsal  aad  ^ere  tho  abdominal  side  of  the  embryo  will  be 
is  unknown.  Only  later,  after  about  an  hour  following  fertilisation, 
does  a  distiuet  gray  sons,  the  so^^ealled  "gray  oyole",  form  at  the 
interface  bettreen  the  blaok  animalle  and  the  white  vegetative  hemi* 
spheres.  Zt  is  what  determines  the  future  dorsal  side  of  the  edbryo. 
Trom  this  tiine  tha  egg  changes  from  radially  symmetrio  to  bilater* 
ally  symmetdiei  Zt  now  has  two  akis,  running | through  the  oenter  of 
the  eggt  the  firsts  Joining  the  animaXic  aad  jshe  vegetative  poles, 
and  the  sdeoad,  perpendicular  to  it^  Joining  the  equatorial  point 
where  ths  oenter  of  the  gray  cycle  lies  to  the  opposing  equatorial 
point  (future  abdominal  side). 

What  determines  this  second  axis,  aad  what  does  the- whole 
symmetry  plane  of  the  egg  mean?  Why  does  the  gray  cycle  appear  ih 
one  and  not  the  other  point  of  the  equator?  Perhaps  the  gray  cycle 
in  latent  form  was  in  the  egg  from  the  very  onset  of  development, 
even  before  fertilisation?  No,  this  Is  not  so.  We  can  perform  an 
experiment  on  tho  fertilisation  of  an  egg  rotated  with  Its  anlmalic 
pole  upwards.  Zf  the  egg  is  tilted  to  one  side,  aad  then  is  released 
and  allowed  to  return  to  Its  former  poi  ‘'tion,  the  gray  cycle  forms 
exactly  on  the  side  which  was  placed  downward.  Zf  we  tilt  the  egg 
once  more,  even  to  the  other  side,  the  gray  cycle  forms  on  the  side 
In  which  the  •gs  ''as  inclined  the  last  time.  (All  these  experiments 
are  possible  only  during  the  first  period  following  fertilisation. 

An  hour  and  a  half  or  an  hour  later  new  rotations  of  the  egg  can  no 
longer  alter  the  place  where  the  gray  cycle  appears.  The  plane  of 
bilateral  symmetry  is  already  decisively  fixed. ) 

Thus,  It  has  been  shown  that  it  is  mainly  the  plane  in  which 
under  the  action  of  the  force  of  gravity  the  egg  is  turned  following 
its  separation  from  the  membrane  that  determines  the  plane  of  bilat-- 
eral  symmetry.  Consequently,  it  arises  randomly,  since  the  egg  is 
randomly  found  lying  (or  swimming)  with  a  given  point  of  the  equator 
below.  This  regularity  la  the  development  of  the  frog  egg  was  estab¬ 
lished  by  the  French  scientist  Ansel'  and  Vinterbersh.  It  was  con¬ 
firmed  for  sturgeon  eggs  by  the  Soviet  researchers  T.  A.  Detlaf  and 
A.  S.  Oiasburg. 

However,  the  problem  is  far  from  entirely  resolved.  It  has 
been  shown  that  if  an  egg  from  the  very  onset,  even  before  fertill- 
aation,  is  placed  with  its  anlmalic  pole  upwards,  aad  a  rotation, 
naturally,  does  not  occur,  the  development  will  proceed  normally 
Just  the  some,  i^hat  determines  the  position  of  the  gray  oyole  in 
this  case?  In  the  opinion  of  the  French  scientists,  it  depends  on 
the  site  at  which  the  sperm  entered  the  egg  in  fertilisation.  But 
for  sturgeon  eggs  the  sperm  enters  the  egg  through  special  apertures 
in  the  animalle  pole,  the  so-called  mioropyle.  In  this  case  the 
sperm  cannot  determine  the  future  dorsal  or  abdominal  aides,  since 
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tu«  sFeriB  itself  moves  mlong  the  amlmsUo-vesststlTe  axis*  Also 
unolesr  is  the  meohsnlsm  by  which  bilsterml  symmetry  is  established 
when  the  egg  is  rotated.  Perhaps  the  determi^ag  factor  is  the 
path  of  the  overflow  by  a  lighter  or  by  a  heavier  fluid?  It  is 
possible  that  in  rotation  this  path  is  moved  upwards  or  downwards 
along  the  surface  of  the  egg  from  the  inside  and  those  changes 
which  occur  on  this  side  determine  where  the  gray  cycle  appears« 
and  then  the  orientation  in  space.  And  perhaps,  as  several  scien¬ 
tists  believe,  rotation  results  in  Very  «reak  stresses  on  one  side 
of  the  egg,  and  they  prove  to  be  sufficient  to  determine  the  plane 
of  symmetry. 

Above  all,  it  is  first  of  all  necessary  to  explain  what  role 
in  this  process  the  forces  of  earth's  gravity  play,  whether  they  are 
necessary  for  the  development  of  the  embryo  at  the  early  ota(:e.  We 
need  experiments  in  which  development  would  begin  in  a  state  of 
weightlessness.  It  must  not  bo  thought  that  setting  up  these  exper¬ 
iments  is  necessary  to  solve  only  one  particular  problem  of  embry¬ 
ology.  Determination  of  bilateral  symmetry  is  a  part  of  one  of  the 
most  pressing  problems  in  that  why  and  how  from  one  cell  emerge  — 
are  differentiated  —  the  cells  of  various  organs  and  tissues  dif¬ 
fering  so  widely  from  each  other. 

What  has  been  accomplished  today?  The  first  task  was  to  find 
out  whether  in  general  development  can  occur  in  a  space  ship  and  how 
the  unavoidable  factors  of  flight  —  overloading  and  vibration  — 
affect  development.  For  this  purpose  in  our  laboratory  preliminary 
model  experiments  were  conducted,  which  examined  individually  the 
effect  of  overloading  auad  vibration  on  the  development  of  various 
embryos  and  on  the  early  stages.  It  was  shown  that  those  acceler¬ 
ations  6Uid  vibrations  which  accompany  liftoff  and  reentry  do  not 
exert  marked  damaging  effects.  The  following  step  in  the  study 
consisted  of  experiments  in  spaceships.  One  of  the  first  objects 
investigated  by  us  were  eggs  of  the  parasitic  worms  —  nematodes. 
They  proved  to  be  convenient  in  several,  ways,  primaurlly  in  that 
they  are  capable  of  surviving  in  a  very  broad  temperature  range. 

This  made  possible  the  placing  on  spaceships  of  chilled,  undevel- 
cping  eggs.  Under  flight  conditions  at  normal  temperature  they 
passed  through  definite  stages  of  development,  and  following  reentry 
they  were  chilled  again  and  in  this  fora  transfered  to  the  labora¬ 
tory.  There  we  could  observe  how  their  development  following  the 
flight  transpired.  As  was  reported  in  a  previous  account  on  the 
results  of  the  flights  of  the  space  ships  ''Vostok-3"  and  "Vostok-4", 
the  development  of  embryos  under  space  flight  conditions  takes 
place  without  any  narked  deviations.  But  it  must  be  kept  in  view 
that  in  these  experiments  the  effect  of  the  flight  on  already  fer¬ 
tilised  eggs  was  studied  and  we  did  not  engage  in  investigating 
the  effect  of  weightlessness  on  how  the  plane  of  symmetry  was 
situated.  This  considerably  more  complex  task  will  be  solved 
during  subsequent  flights.  Also  in  the  schedule  are  several  other 
eabryological  investigations  related  both  to  solving  specific  tasks 
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of  apAoo  biologjf  aaeasMry  to  Monro  tho  sofoty  of  fll^to  Md 
roXatod  to  iaportaat  probloao  of  thb.protloal  biology. 
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